At present, feline urinary tract disorders are commonly found in a number of animal hospitals. Those disorders include idiopathic lower urinary tract diseases, urethral plugs, urolithiases, neoplasms, and laceration or rupture of the urethra from accident or iatrogenic trauma \[[@r14]\]. Focusing on the urethra, major injuries are obstruction, laceration, and rupture. Besides, various clinical signs can be observed from urethral problems, depending on site, severity, and duration of the lesions \[[@r5]\]. In case of minor injuries, such as contusion or small laceration, urethral healing occurs spontaneously \[[@r3]\]. On the other hand, surgical managements are required in case of severe injuries, such as urethra rupture \[[@r9]\] since urine might leak into the peritoneal cavity, resulting in an azothemic status \[[@r5]\]. Primary surgical treatment for urethral rupture is an end-to-end anastomosis between two sides of the tattered urethrae \[[@r4]\]. However, a previous study, in dogs, reported that the anastomotic sites might have high tension, entailing the stricture and/ or rupture again which then requires further surgical corrections \[[@r12]\]. As a result, urethrostomy is one of the outstanding alternatives to repair these urethral damages \[[@r1]\]. Nonetheless, urethrostomy contributes to a great number of complications, including urine infiltration to the subcutaneous tissues, urinary incontinence, stricture of the urethral stoma, bleeding from the urethral mucosa, recurrence of lower urinary tract infection, chronic urine scalding dermatitis, and kinking of the urethra \[[@r6], [@r7], [@r13]\]. These complications considerably decrease the quality of the cat's life. Various supportive treatments are applied to the animals, aiming to relieve these complications; for instance, antibiotic treatment in case of urinary tract and skin infections, petroleum oil application around the surgical site in those with dermatitis, permanent urethral catheterization in the cat with urethral stenosis and urine scalding dermatitis, and so on. Furthermore, a previous study revealed that a number of male cats suffered excruciatingly from complications after urethrostomy; some were eventually euthanized \[[@r1]\].

At present, several studies have been conducted in order to correct the complications from urethrostomy and improve quality of life of the affected male cats. Moreover, the number of studies using tissue graft, especially sublingual mucosal graft, as a correction tool for complications after urethrostomy in male cats has been very scant. Consequently, the present study investigated the procedure of using sublingual mucosae for ameliorating complications after urethrostomy in male cats.

MATERIALS AND METHODS {#s1}
=====================

Animals
-------

In total, five male domestic cats visited the Veterinary Teaching Hospital with the chief complaint of severe complications after urethrostomy, such as urethra stricture, dysuria, hematuria, chronic urine scalding dermatitis, and so on. All cats were examined by the same veterinarian; a surgical correction was required. Prior to surgery, blood samples were individually collected to examine complete blood count, serum creatinine, and alanine aminotransferase. In addition, a consent form was individually signed by all cat owners before commencing the study. Initially, the cats were stabilized by foley catheterization at the area of urethrostomy for approximately two weeks ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Complications clinically seen after urethrostomy in the cat: chronic urethral stricture and chronic urine scalding dermatitis (A). After foley catheterization into the urethra for two weeks, the cat skin is stabilized and ready for surgery (B).), in order to prevent a skin irritation caused by urine, until those lesions were so ameliorative that surgery could be performed. Animal interventions were approved from the Institutional Animal Care and Use Committee, Mahasarakham University (IACUC-MSU) with the approval number 21/2018.

Surgical procedure
------------------

Surgery was performed twice with each cat. The first surgery was to harvest graft from the tongue and adhere to the abdominal muscles. The second surgery was to tubularize the graft and connect the tubular graft with the urethra near the urinary bladder and with the prepuce. Prior to both surgeries, the cats were administered with alfaxan^®^ (2 mg/kg) for anesthetic induction, morphine (0.2 mg/kg) for pain management, and cephalexin (22 mg/kg) for antibiotic prophylaxis. Thereupon, they were positioned in dorsal recumbency. Finally, isoflurane was applied through the gas system in order to maintain the anesthesia.

The first surgery
-----------------

The skin incision was performed at the ventral midline from the urethrostomy area to the base of the penis in order to prepare the graft bed at the rectus abdominis muscles. In addition, the distance between the urethrostomy area and base of the penis was measured to prepare the graft length from the tongue. Afterwards, fasciae of the rectus abdominis muscles were removed approximately 1.0 cm wide for the graft application ([Fig. 2A](#fig_002){ref-type="fig"}Fig. 2.The rectus abdominis muscles without muscle sheath are prepared for a graft bed (A). The sublingual mucosa is placed on and sutured with the graft bed (B).).

In the oral cavity, sublingual mucosae were harvested from the ventral surface of the tongue ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.The harvest of sublingual mucosa from ventral surface of the cat's tongue.) according to the methods described by Barbagli *et al* \[[@r2]\]. Initially, the tongue apex was stitched with 5−0 polydioxanon (PDS) for manipulating tongue during the operation. Afterwards, the sublingual mucosae were harvested; a fat portion was thereafter removed. At the donor site, suturing was not performed; tongue bleeding was handled with gauze compression and natural wound healing was allowed.

At the abdominal wall, the sublingual mucosae were placed on the bed and sutured using 5−0 PDS with a simple interrupt pattern ([Fig. 2B](#fig_002){ref-type="fig"}). Thereafter, the subcutaneous layer was closed using 4−0 PDS with a simple continuous pattern; 4−0 polyamide (Dafilon^®^) was used to close the skin layer with a cross mattress suture pattern. Afterwards, urine collection bag was connected to the foley catheter end in order to investigate the urination of the cat. Finally, the cat was individually kept in a cage, and appointed to the second surgery two weeks later.

The second surgery
------------------

The skin was incised at the same position as that of the first surgery. The adhesion between graft and its bed was grossly examined on the criterion of a solid union between graft and bed, including a pale pink color with an apparent vascularization on the graft \[[@r16]\] ([Fig. 4A](#fig_004){ref-type="fig"}Fig. 4.The adhesion between graft and bed (A); an arrow indicates the remaining urethra connecting with the urinary bladder. The graft is tubularized from both longitudinal edges; the cranial end of the feeding tube is inserted into the urinary bladder instead of foley catheter. The cranial end of the graft tube is sutured with the remaining urethra connecting with the urinary bladder (B). The penis is identified and removed (C), leaving only the prepuce (P). The caudal end of the feeding tube is put through the prepuce in order to connect with a urine collection bag (D).). Once the good adhesion was confirmed, a scalpel was used to carefully undermine along both longitudinal sides of the graft edges. After that, a feeding tube was placed onto the graft; the graft tubularization was then created by connecting both undermined edges longitudinally with 5−0 PDS using a simple interrupt pattern. Thereupon, the remaining urethra connecting with the bladder was identified, inserted with the cranial end of the feeding tube instead of foley catheter, and sutured with the cranial end of the graft tube with 5−0 PDS using a simple interrupt pattern ([Fig. 4B](#fig_004){ref-type="fig"}). Later, the penis was identified and removed, leaving only the prepuce ([Fig. 4C](#fig_004){ref-type="fig"}). The caudal end of the feeding tube was put through and stitched with the prepuce, leaving the remaining part outside the cat's body ([Fig. 4D](#fig_004){ref-type="fig"}) in order to connect with the urine collection bag for investigating the urination after surgery. Finally, the caudal end of the graft tube was connected with the prepuce using 5−0 PDS with a simple interrupt pattern. The subcutaneous layer was sutured with 4−0 PDS using a simple continuous pattern; the skin was closed with 4−0 polyamide (dafilon^®^) using a cross mattress pattern.

Postoperative managements
-------------------------

After the first surgery, the cats were accommodated in individual cages and required to wear an Elizabethan collar in order to prevent self-mutilation of the surgical site until the second surgery. Besides, the urination was monitored from the urine collection bag on a daily basis until the second surgery. Medications were oral amoxy-clavulanic acid (15 mg/kg) for two weeks and subcutaneous injection of morphine every 4--6 hr for three consecutive days. Wound dressing was performed on a daily basis until the second surgery. Skin sutures were removed 10 days after surgery.

After the second surgery, an Elizabethan collar was also used to protect the surgical site from self-mutilation until skin sutures were removed. Medication protocol was the same as that of the first postoperation. Wound dressing was conducted for ten days successively and skin sutures were removed. The urination was daily monitored from the urine collection bag for two weeks; the feeding tube was then removed. Each cat was radiographed using iohexal as a contrast medium, on the day of feeding tube removal, in order to examine abnormalities along the tube. Six months later, the follow-up was performed by a radiography with iohexal, as well as an interview with the cat owners.

RESULTS {#s2}
=======

After the second surgery, every cat recovered well. At the surgical site, three out of five cats had good healing without wound dehiscence and complications. However, the rest had premature suture loosening at some stitches and minor dehiscent skins; sterile isotonic saline solution was daily applied at their surgical sites until they completely healed. Postoperative radiographs after the second surgery showed no leakage throughout the graft tube. As a result, the feeding tube, that was functioning as a urethral catheter, was removed. At the hospital, all cats were able to urinate with no difficulty or signs of discomfort. Furthermore, dysuria, stranguria, and other complications were not clinically observed.

Six months after the second surgery, every cat visited the hospital again to follow up the surgery. According to an interview with the owners, complications in the oral cavity were not observed. Moreover, all the cats were able to urinate smoothly and had meals without any difficulties in daily life. In addition, urine scalding dermatitis was not observed from any of the cats. Furthermore, radiography with contrast medium showed no abnormalities, especially leakage and stricture, along the tube from the urinary bladder to the prepuce ([Fig. 5](#fig_005){ref-type="fig"}Fig. 5.Radiographic findings of a cat at six months after the second surgery show no leakage of the contrast medium from the bladder to the prepuce.).

DISCUSSION {#s3}
==========

The present study reported the first success of using sublingual mucosa to manage complications after urethrostomy in male cats by initiating a new passage of urination. Previous studies have indicated that urethrostomy is one of the surgical alternatives to correct urethral rupture. Nonetheless, it contributed to a number of complications, such as urine scalding dermatitis, urethral stricture, and urinary incontinence in the cats \[[@r6], [@r7], [@r13]\]. In addition, the urethrostomy might be performed again, especially in the case of repeated urethra rupture, resulting in much more difficulty operating than during the first urethrostomy since the remaining urethra was shorter. As a result, a high tension within that urethra contributed to the stricture of the opening \[[@r1]\]. Nonetheless, the present study demonstrated that sublingual mucosa could be applied to reconstruct the urination passage and correct the complications arising from prior urethrostomy as vividly seen that those complications were not clinically examined in any of the cats in this study after the surgery.

Several preceding studies, in humans, recommended the use of buccal mucosa for tissue replacement, especially in the complicated cases of urethral construction, since it provided satisfactory outcomes \[[@r8], [@r10]\]. However, the oral cavity of the cat was so small and the oral mucosae were not long enough to connect between urinary bladder and preputial ends. As a result, the present study selected sublingual mucosae to create the graft. A former study reported that the success of urethroplasty, in humans, using lingual mucosa could be comparable with that using buccal mucosa (76.1 vs 78.2%) \[[@r11]\]. Furthermore, a preceding study revealed that mucosae from the ventrolateral aspect of the tongue provided excellent results in human urethroplasty \[[@r15]\]. Correspondingly, the current study demonstrated that sublingual mucosae were apparently effective for reconstructing the damaged urethra in male cats. Moreover, sublingual mucosae provided adequate length and area to establish the graft tube connecting between bladder and preputial ends of the male cats.

Considering the graft bed, abdominal muscles were selected since their strength and capacious areas could be responsible for a strong adhesion with the graft from sublingual mucosa. However, muscle sheaths of the graft bed area were required to be entirely removed in order to enhance the adhesion efficiency between the graft and its bed. Moreover, this study demonstrated that two weeks were considered a suitable time for strong adhesion between the graft and its bed. After the tubularization and the connection of the graft tube with the remaining urethra connecting with the urinary bladder and with the prepuce, the cats urinated without any difficulties and discomfort characteristics. Moreover, radiography with contrast medium confirmed that no abnormality was observed along the new urination passage.

In summary, sublingual mucosae could be one of the useful materials for correcting damaged urethra in male cats suffering from complications after urethrostomy. The urethral reconstruction using sublingual mucosal graft could establish a new passage of urination for the cats by connecting the tube between the remaining urethra of the bladder and the preputial mucosae. This technique did not only correct the urethral problems, but also apparently improved quality of life of the cats since they could urinate similarly to their normal ways of life and had no clinical complications after the surgery.
